Aims: To examine the associations between being overweight and behavioural problems at ages 5 and 14. Methods: Birth cohort study of 2875 individuals who were born in Brisbane between 1981 and 1984 and who were followed up at ages 5 and 14 years. Behavioural problems were defined as scoring above the 90th centile on Achenbach's child behavioural checklist. Results: In cross-sectional analyses there was no association between being overweight and behavioural problems in either females at age 5. At age 14 females who were overweight were more likely than those who were normal weight to experience behavioural problems. However, there was no association between being overweight and behavioural problems at age 14 among males. The prevalence of behavioural problems increased linearly across the distribution of body mass index in females at age 14. In prospective analyses, among participants who had no behavioural problems at age 5, there was no association between being overweight at age 5 and behavioural problems at age 14 in either sex. Females who were overweight at age 5 and normal weight at age 14 had reduced odds of behavioural problems at age 14. Conclusions: Among adolescent females there is a positive linear association between body size and behavioural problems. However, no such association was found in adolescent males, or in either sex at age 5 years, and in prospective analyses being overweight at age 5 was not associated with behavioural problems in either sex at age 14.
T he population prevalence of childhood obesity has increased by about threefold in most industrialised countries over the last 10-20 years. 1 2 These trends are likely to have major public health consequences. 1 2 Obesity tracks from childhood to adulthood and there is emerging evidence that the precursors for diabetes and cardiovascular disease, some of which will be irreversible, already exist in obese children. [3] [4] [5] In addition to these long term consequences on cardiovascular health being obese may be associated with psychological morbidity, though studies in this area have reported conflicting results. 6 7 There is evidence going back to the 1960s that children as young as 6-10 years old stereotype, have negative perceptions of, and do not want to be friends with, other children who are overweight or obese. 8 9 Recent studies have confirmed similar findings in contemporary children. 10 11 Despite these findings, studies of the associations of body size with measures of psychological distress have been inconsistent, 6 7 12 with several reviews concluding that there is no association between body size and psychological distress. [13] [14] [15] Others have pointed out that given the heterogeneous nature of the aetiology of both obesity and psychological distress, inconsistencies between studies are to be expected and future work should consider whether associations exist in particular groups. 16 For example, one might expect a gender difference in the association since females are considerably more likely than males to seek treatment for obesity (despite similar a prevalence in each gender) and there is some evidence that obesity carries more stigma in females compared to males. 16 Most studies to date have been in adult populations. 6 7 However, adolescents may be another group for whom body size is particularly associated with psychological distress. 16 Most studies to date, in all age groups, have been cross-sectional and therefore cannot determine whether being overweight results in psychological distress or whether this resulted in being overweight. 12 16 Further, cross-sectional studies cannot examine the effect of changes in overweight status over time on the occurrence of psychological outcomes.
Preventing psychological distress in childhood and adolescence is important. Further, if being overweight or obese is associated with psychological distress this in turn may affect the ability of a child to respond to health promoting advice and lose weight. 7 Thus a spiral of increasing body size and distress may begin in early life. It is important therefore to determine whether being overweight or obese is associated with psychological distress in early life.
The aims of this study are to examine the associations between being overweight and behavioural problems at ages 5 and 14, to determine whether associations vary by gender, and to examine whether change in overweight status between ages 5 and 14 is associated with behavioural problems at age 14. We used the Achenbach Child Behavior Checklist (CBCL), which is a widely used, standardised, empirically based parental report instrument designed to assess behavioural problems and competencies of children aged 4-16 years. 17 The CBCL has been shown to predict future academic progress and mental distress including suicide and diagnoses of depression and psychosis. 18 
METHODS

Participants
The Mater-University study of pregnancy and its outcomes (MUSP) is a prospective study of women, and their offspring, who received antenatal care at a major public hospital (Mater Misericordiae Hospital) in South Brisbane between 1981 and 1984. 19 The cohort consists of 7223 women (and their offspring) who delivered a live singleton baby, who neither died nor was adopted prior to leaving hospital, and who completed both initial phases of data collection; this represents 87% of all women who attended the antenatal clinic during the study period. These mothers and children have been followed up prospectively with mothers completing questionnaires at their first antenatal clinic visit, 3-5 days after birth, 6 months after birth, 5 years, and 14 years after birth. In addition, at ages 5 and 14 detailed physical, behavioural, and developmental examinations of the children were undertaken and at 14 years the children completed health, welfare, and lifestyle questionnaires.
Measurements of exposures and outcomes
At both ages the average of two measures of the child's weight, lightly clothed, with a scale accurate to 0.2 kg was used. Height was measured using a portable stadiometer on both occasions. Body mass index was calculated as the individual's weight in kilograms divided by the square of their height in metres. Overweight and obesity were defined according to standard definitions derived from international surveys by Cole and colleagues. 20 Too few of the participants fell into the obese categories for meaningful analyses (table 1) therefore we classified children as either overweight (equal to or above the overweight threshold, including those who were above the obese threshold) or normal weight (below the overweight threshold) for the main analyses presented in this paper. In this study the participants were defined as overweight at age 5 if their body mass index was greater than 17 20 Child behavioural problems were assessed from maternal reports of child behaviour using modified versions of Achenbach's CBCL at ages 5 and 14. 17 The CBCL is a widely used, standardised, empirically based parental report instrument designed to assess behavioural problems and competencies of children aged 4-16 years. 17 Separate editions of the instrument have been standardised for both males and females aged 4-5, 6-11, and 12-16, and we used the sex specific 4-5 year old instrument at age 5 and the 12-16 year instrument at age 14. The CBCL has been shown in a number of studies to have construct validity and a large longitudinal study of children with at least one ''sign of disturbance'' on the CBCL found high predictive value for later social, academic, emotional, and behaviour problems (including suicide and clinical neurotic and psychotic mental health diagnoses), 18 suggesting that the CBCL is a valid and reliable indicator of clinically significant psychological dysfunction. Though we recognise that our definition of behavioural problems using the CBCL is not the same as a clinical diagnosis of behavioural problems for ease of reading we refer to those with scores above the 90th centile as having behavioural problems. At age 14 the question concerning somatic behaviours was worded differently to that used originally by Achenbach. In his original questionnaire Achenbach asked about the occurrence of a number of symptoms in the following way: ''how often has your child had the following in the last six month, without known medical cause?''; the question was followed by a list of symptoms, including, for example, dizziness, overtired, aches and pains, etc. In our version of this question the statement ''without known medical cause'' was omitted. In this paper we are concerned with the broad outcome of a high score on the total checklist rather than with specific responses to individual questions. However, we repeated all analyses with the response to the somatic question omitted and only other questions (relating to depression/anxiety/withdrawal/ aggressive behaviours/speech problems/sleeping difficulty) included. This allowed us to determine whether any of our results were being driven by the somatic scale, which may be less representative of psychological distress in the way that we asked it compared to Achenbach's original intention. The results from that analysis did not differ from those presented here.
Pubertal status was assessed using Tanner's classification. 21 Participants were shown pictures of breasts and genitalia representative of Tanner's classification and asked to report the best picture of their current status of development. Parental body mass indices were estimated from maternal self-report of her pre-pregnancy height and weight and that of her child's father's height and weight at the study initiation. There was a high level of correlation between maternal estimate of her pre-pregnancy weight and her measured weight on the first antenatal visit (Pearson's correlation coefficient = 0.95). Maternal age at the child's birth was obtained from obstetric records and parental education was obtained from interviews with the mother at the study initiation. At the 5 and 14 year follow ups the mothers were asked to indicate gross family income for the previous year in seven pre-specified categories. In the analyses presented here these were collapsed into three categories: low, ($AU15 599; middle, $AU15 600-25 999; and high, >$AU26 000 per annum when the child was aged 5 years; and low, ($AU25 999; middle, $AU26 000-36 499; and high, >$AU36 500 per annum when the child was aged 14.
Statistical analyses
Multiple logistic regression was used to assess cross-sectional and prospective associations of overweight/obese and body mass index (as a continuous variable) with behavioural problems. In the prospective analyses those with behavioural problems at age 5 were excluded so that the association of being overweight at age 5 with the occurrence of new (incident) cases of behavioural problems could be ascertained. If those with behavioural problems at age 5 were included in these prospective analyses any associations might be explained by the persistence of behavioural problems over time rather than by our exposure of being overweight. Adjustment was made for the following potential confounding factors: age (continuous variable in days), family income (3-level categorical variable), Tanner's score of pubertal development (3-level categorical variable), maternal age at the child's birth (3-level categorical variable), parental education (3-level categorical variables), parental body mass index (continuous variable). Likelihood ratio tests were used to test for linear trends and to determine whether there was an interaction between gender and being overweight in any of the associations. Non-linear associations of body mass index with behavioural problems were assessed by including a quadratic term in the regression models. All analyses were conducted using Stata version 8.0 (Stata Inc., Texas).
RESULTS
Of the 7223 participants in the original cohort, 2875 (40%) had complete data on body mass index and the behavioural checklist at both ages 5 and 14; this consisted of 1377 females and 1498 males. As reported previously loss to follow up was selective with those who did not have 5 and 14 year old follow up data being more likely to have been from low income families at the time of birth, to have had younger aged mothers at birth and mothers who smoked during their pregnancy. 22 All analyses in this study are based only on these 2875 with complete data. Table 1 shows the prevalence of overweight and obesity among these 2875 children together with similar prevalences for children aged 4-6 (used as a comparator for the MUSP children when they were aged 5) and those aged 12-15 (used as a comparator for the MUSP participants when they were aged 14) taken from the 1995 Australian National Nutrition Survey, a nationally representative sample. 23 Total prevalences of either overweight or obese were similar in our study population to those in the national survey, though there were fewer obese children in each age and sex category in our study sample. Table 2 shows the characteristics of those included in the analyses.
Cross-sectional associations of body mass index with behavioural problems at ages 5 and 14 In cross-sectional analyses there was no association between being overweight and behavioural problems in either females (odds ratio 1.05; 95% CI 0.68 to 1.61) or males (1.07; 95% CI 0.68 to 1.67) at age 5. At age 14 females who were overweight were more likely than those who were normal weight to experience behavioural problems (2.10; 95% CI 1.41 to 3.14). However, there was no association between being overweight and behavioural problems at age 14 among males (1.19; 95% CI 0.81 to 1.76); p = 0.004 for interaction with gender in the association between being overweight/obese and behavioural problems.
Among female participants with complete data on all covariates (n = 1245; 90% of females who were followed up and included in the main analyses presented above), the unadjusted association between being overweight and behavioural problems was 2.19 (95% CI 1.51 to 3.32), which is consistent to that presented above. With adjustment for age, pubertal stage, maternal age at birth, ethnicity, parental education, family income, and parental body mass index this attenuated to 2.03 (95% CI 1.26 to 3.25), but a positive association remained.
The prevalence of behavioural problems increased linearly across the distribution of body mass index in females at age 14 ( fig 1A) . No such association was seen for males at age 14 ( fig 1B) ; p = 0.01 for difference (interaction) in this linear effect between males and females. Each one standard deviation increase in body mass index at age 14 for females was associated with a 32% increased odds of behavioural problem (odds ratio 1.32; 95% CI 1.08 to 1.61) with full adjustment. In males the fully adjusted odds ratio of behavioural problems for a one standard deviation increase in body mass index was 1.06 (95% CI 0.88 to 1.29); p = 0.18 for interaction with gender in these models. When quadratic terms were added to these models there was no evidence of non-linear associations in either sex (p . 0.4 for both).
Prospective associations of body mass index at age 5 and behavioural problems at age 14 Among participants who had no behavioural problems at age 5 there were no associations between being overweight at age 5 in either sex, and behavioural problems and age 14 and body mass index at age 5 entered into models as a continuous variable were not associated with behavioural problems at age 14 in either sex (all p . 0.5). Table 3 shows the cumulative association of being overweight at ages 5 and 14 with behavioural problems at age 5 among those who had no behavioural problems at age 5. Although imprecise among females, those who were overweight at age 5 and normal weight at age 14, compared to those who were normal weight at both ages tended to have reduced odds of behavioural problems. As expected from the cross-sectional analyses, those who were normal weight at age 5 and overweight at age 14 and those who were overweight at both ages had increased odds of behavioural problems at age 14. Among males the odds of behavioural problems were somewhat lower among those who were overweight at age 5 but then normal weight at age 14, but in general the odds ratios were similar for each category of overweight status at the two ages in males.
DISCUSSION
We have found in cross-sectional analyses that females who are overweight at age 14 have increased odds of behavioural problems compared to those who are not overweight. Further, there was a linear trend of increasing behavioural problems with increasing body mass index across the distribution of body mass index. This positive linear association between body mass index and behavioural problems among females was independent of a range of potential confounding. We found no evidence of an association between being overweight and behavioural problems at age 5 and no clear associations in males. In prospective analyses being overweight at age 5 was not associated with behavioural problems at age 14 in either sex. For females there was some suggestion that in those who had been overweight at age 5 and then normal weight at age 14, behavioural problems were less likely than in those who were overweight at both ages. This may reflect a positive psychological response to relative weight loss among females. However, since this estimate was imprecise, further work, in larger studies, is required to confirm this finding. The lack of an association in prospective analyses may be because crosssectional associations are due to reverse causality, with poor psychological adjustment resulting in weight gain. Alternatively the 9 year gap between age 5 and 14 may be too long to establish a causal association with an effect over a shorter duration.
A number of related mechanisms might explain the link between being overweight and behavioural problems among adolescent females, including stigmatisation and the response to negative perceptions from one's peers, and body dissatisfaction related not only to peers but to a wider perception of acceptable appearance.
2 If the effect of being overweight on behavioural problems were related to stigmatisation and negative perceptions from one's peers, then this effect may diminish relatively quickly over time once the child had lost weight. Body dissatisfaction, which is often described as ''normative'' among women in contemporary western society, particularly among adolescent and young adult samples, [24] [25] [26] is more prevalent among those who are overweight. 27 The longer a female has been overweight the worse her body dissatisfaction tends to be, 27 and a study among obese adults found that those who were obese by age 16 years, compared to those whose obesity developed at a later age, were more likely to experience body dissatisfaction and low self esteem in adulthood. 28 However, body dissatisfaction tends to emerge in late childhood and adolescence, [24] [25] [26] and therefore being overweight at age 5 may not be related to body dissatisfaction to the same degree a being overweight at an older age.
Study limitations
Data on body mass index and behavioural problems at ages 5 and 14 were only available on 40% of the original cohort, and those without these data were more likely to be from poorer family backgrounds, have younger mothers, and have mothers who smoked throughout their pregnancy. 22 Despite this loss to follow up, the prevalence of overweight or obesity in this sample was consistent with national data (table 1) . The slightly lower prevalence of obesity in each age and sex category in this sample compared to the national sample may be due to the more obese children being lost to follow up in our sample or may reflect geographical or temporal variations. Our results would only be biased if the associations we have presented here were either non-existent or in the opposite direction among those who were not examined at ages 5 and 14. That is to say, among the non-responders one would need to imagine that overweight females had reduced, or similar, odds of behavioural problems to those who were not overweight for our results to be biased. While we cannot rule out this possibility it seems unlikely. Our assessment of Tanner's pubertal stage was not done by trained professionals but was done by asking the participants to rate their own secondary sexual characteristics against pictorial representations of Tanner's scale. This may be inaccurate and may therefore mean that we have not fully adjusted for pubertal status in our associations. We attempted to determine the causal direction of the association by assessing the association of overweight status at age 5 with behavioural problems at age 14 and found no association. However, since the time between the two follow up periods covers nine years we cannot rule out the possibility that with a shorter period of follow up a positive association may have been detected. A prospective study in adults aged 46 years and older found that obesity was associated with subsequent depression over a follow up period of one year. 29 Had we data on shorter periods of follow up we may have found a prospective association.
Although our cross-sectional analyses suggest that body mass index is not associated with behavioural problems in early childhood, since we only have information at two time points-when the children were aged 5 years and 14 yearsit is impossible to determine from this study at what age among females the associations between being overweight and behavioural problems first develop.
Implications
Although much concern has been expressed about the epidemic of obesity among children and adolescents with respect to the consequences that this has for future development of diabetes and cardiovascular disease, at the actual time of adolescence psychological problems may be one of the main health consequence of overweight or obesity. 1 Previous studies, which have reported inconsistent results, have largely been in adult populations, have rarely formally assessed whether associations differ between females and males (despite plausible reasons for them doing so) and have largely been cross-sectional. 7 12 16 Our findings add to this previous work by examining associations in childhood and adolescence, determining whether there is statistical evidence for gender differences in any associations and examining the association prospectively.
Although our results cannot determine with certainty whether the cross-sectional association among females at age 14 is largely due to being overweight leading to psychological distress or vice versa, it is important in clinical practice to acknowledge this association (irrespective of its causal direction). Psychological distress may have a negative impact on weight reduction interventions aimed at adolescents who are overweight or obese, and may as a consequence prevent weight loss and hence increase the future risk of chronic diseases associated with being overweight or obese. 7 These findings suggest that psychological distress should be considered as a co-morbidity of overweight at this age and that programmes aimed at weight reduction in adolescence need to incorporate elements that deal with psychological symptoms. In our study we found no association between body mass index and behavioural problems among males. However, this does not necessarily mean that body image is not an important concern for males. Rather it is more likely that striving for different body ideals that are not described by body mass index, such as broad chests and muscular appearance, is a potential source of distress among males.
We suggest that further work in this area should examine prospective associations between body size and behavioural problems measured at repeated short intervals over time in large population samples of children and adolescents.
What this study adds N Among females, but not males, there is a graded linear association between body mass index and behavioural problems at age 14 N There is no association between body mass index and behavioural problems at age 5 in either sex N In prospective analyses, body mass index at age 5 was not associated with behavioural problems at age 14
What is already known on this topic N Evidence regarding the association of being overweight with psychological distress in children and adolescents is unclear
